Collagenase Clostridium histolyticum (CCH) is a non-surgical, efficacious therapy for Dupuytren's contracture (DC). This study evaluated the efficacy and safety of CCH in patients with previous DC surgery. Data from 12 CCH clinical trials were pooled. At screening, patients provided details about the type/date of previous DC surgery. Reviewers coded descriptions to the Operated Hand, finger, and joint. Of 1082 patients, 422 (39%) had previous DC surgery. For these patients with previous surgery, the CCH treatment was coded on the Operated (n = 206) or Non-operated Hand (n = 196). End-points included changes in fixed-flexion contracture (FFC) and range of motion (ROM). Adverse events (AEs) were monitored. After treatment with CCH, FFC at metacarpophalangeal joints was reduced by 75% in previously Operated Hands and by 80% for Non-operated Hands (p = 0.6). Improvements in ROM were 32 and 32 , respectively (p = 0.9). For proximal inter-phalangeal joints, the reductions in FFC for the Operated and Non-operated Hands were 52% and 50%, respectively (p = 0.6); improvements in ROM were 24 and 26 , respectively (p = 0.3). Some AE rates were significantly higher in the Operated vs Non-operated Hand groups, but were not clinically relevant. There were no between-group significant differences in AE duration (p > 0.08). Previous surgery for DC does not affect efficacy or safety of CCH, suggesting CCH is an option in patients with recurring DC. Some AE rates were significantly higher, but not clinically relevant.
Introduction
Dupuytren's disease is a progressive, fibro-proliferative disorder affecting the palmar fascia whereby early nodular tissue develops into a thick collagen cord. As the cord contracts, flexion deformity of the affected metacarpophalangeal (MP) or proximal interphalangeal (PIP) joint ensues. Joint contracture is a common presenting complaint, as affected individuals have difficulty performing a variety of tasks. Many are also embarrassed by the visible deformity [1] . There is no cure for Dupuytren's disease and corrective surgery is the current standard of care for Dupuytren's contracture (DC). Surgical approaches involve excision (fasciectomy) or division (fasciotomy) of the cord in affected finger(s). Although surgery can improve outcomes, recurrence is common and patients frequently require re-treatment. Surgical retreatment may be complex and results in higher complication rates compared with primary procedures.
Collagenase Clostridium histolyticum (CCH) was recently approved in the US and the EU as the first non-surgical, officebased pharmacotherapy for DC and has proven efficacy in correcting contractures [2] [3] [4] . Using data from these and other clinical trials, we evaluated the efficacy and safety of CCH in patients with DC who had undergone previous surgery for the condition.
Patients and methods

Study design and patient population
Data from 12 CCH clinical trials conducted globally (Australia, Europe, and US) were pooled. Four studies were randomised, double-blind, placebo-controlled trials; the remaining eight studies were designed as open-label trials. Overall, eligible patients (aged ‡18 years) were in good health but had DC of an MP joint between 20 and 100 and/or a PIP joint between 20 and 80 in ‡1 finger(s) (excluding the thumb). Additionally, results of table-top tests had to be positive, i.e. patients were unable to simultaneously place their affected finger(s) and palm flat on a table. Patients with recurrent disease were eligible to participate if other inclusion/exclusion criteria were met. Further details for some studies have been published [2] [3] [4] . All patients provided written informed consent and all studies were conducted under the auspices of the Human Research Ethics Committees at each of the participating centres and in accordance with Good Clinical Practice guidelines [5] .
Treatment/treatment cycles Before initiating CCH treatment, investigators measured all affected joints and classified contractures into 'Low-' and 'High-severity' categories. Low-severity contractures were defined as £50 MP or £40 PIP. High-severity contractures were defined as >50 MP or >40 PIP. Although study designs differed slightly, in general, patients could receive £3 CCH (0.58 mg) injections/cord at 30-day intervals. If needed, joints were manipulated the day after an injection in an attempt to rupture the cord. Follow-up visits occurred 1, 7, and 30 days after the injection. A treatment cycle comprised the injection, manipulation, and 30-day follow-up. Each affected cord could undergo a maximum of three treatment cycles. Each patient could receive a maximum of eight treatment cycles; the maximum allowed was three cycles in the double-blind trials and five cycles in the open-label studies. Some patients participated in both a double-blind trial and its open-label extension.
Assessment of efficacy and safety
For all studies, fixed-flexion angles were measured using finger goniometry at screening and all subsequent visits. The primary end-point was clinical success, defined as a reduction in joint contracture to £5 of normal 30 days after the last injection. Secondary efficacy end-points included percentage change from baseline in fixed-flexion contracture (FFC) and change from baseline in range of motion (ROM). In five studies, additional subjective assessments were used. After treatment, patients rated their satisfaction with treatment on a 5-point scale (ranging from Very Satisfied to Very Dissatisfied). Patients were monitored for local and systemic adverse events (AEs), which were assessed for severity and relationship to study treatment and were recorded from first injection to study end.
Surgical history
At screening, patients were asked if they had had previous surgery for DC and, if so, to provide details about the type/date of surgery. Two independent reviewers coded all verbatim descriptions to the hand, finger and joint receiving surgery; descriptions were also coded for the type of surgery performed.
Although not specifically stated, it was assumed that patients who had >1 surgery provided information for the most recent procedure. All coding was compared at the joint and patient levels. For all joints that received CCH, if the joint was in a hand that received previous surgery, the joint was coded as 'Operated Hand', which means that the joint was part of a hand that had previously received surgery. If the CCH-treated joint was in a hand that never received surgery, the joint was coded as 'Non-operated Hand'. If the Operated Hand was not specified, the CCH-treated joint was coded as 'Unknown Hand' (Figure 1) .
At the patient level, if the patient had at least one CCHtreated hand that matched the previously Operated Hand, the patient was coded as 'Operated Hand'. If the Operated Hand was not specified but the patient had CCH treatments on both hands, the patient was also classified as 'Operated Hand'. If the patient did not receive any CCH treatments to the previously Operated Hand, the patient was classified as 'Non-operated Hand'. If the previously Operated Hand was not specified and the patient received CCH treatment in one hand, the patient was classified as 'Unknown Hand'. In addition, a small cohort of patients was identified that had previous surgery in one hand and CCH treatment in both hands.
Statistical analyses
For continuous data, mean ± standard deviations (SD) were reported unless otherwise specified. For baseline demographic and clinical characteristics, a one-way analysis of variance (ANOVA) was used to test for differences between means; a Fisher's exact test was used for differences in proportions. The primary efficacy analyses were limited to all patients who received previous surgery for DC and were based on comparisons of CCH-treated joints in hands that had been surgically treated vs CCH-treated joints in hands that had not been surgically treated. Differences in the primary end-point (clinical success) were tested using logistic regression with baseline severity, joint type and surgery or surgery to the same hand as predictor variables and all possible interaction terms. Differences in FFC and ROM were tested using repeatedmeasures, mixed-effects model with joint type, baseline severity and surgery or surgery to the same hand as fixed effects and the patient as the random effect with all possible interaction terms. For the small cohort of patients that had undergone previous surgery in one hand and received CCH treatment in both hands, patients served as their own controls (matched-pairs cohort). Patients in this cohort could have more than one joint in each of the hands treated with CCH. Differences in clinical success rates for this matched-pairs cohort were analysed using a conditional logistic regression model with the baseline severity as a covariate. Changes in FFC and ROM were compared using the mixed-effects model. All data from patients categorised to the Unknown Hand group were excluded from analysis. An alpha level £0.05 was used to determine statistical significance; Bonferroni corrections were not applied. All analyses were performed using SAS Ò Version 9.1 (SAS Institute Inc, Cary, NC).
Results
Patient demographics and disposition
Data from 1082 patients who received ‡1 CCH injection were analysed and coded for both patients and joints. Nearly 40% of patients had received previous surgery for DC. Among these, 49% and 46% had CCH treatment on the Operated Hand and Non-operated Hand, respectively. The Operated Hand could not be identified for 5% of patients (Unknown Hand) ( Table I) . For 30% of patients, the type of surgery was recorded: 55% excisions (i.e. fasciectomy, aponeurectomy, capsulectomy), 41% divisions (i.e. release, fasciotomy, aponeurotomy) and 5% amputations. Median time from the most recent surgery to study entry was 5 years; 30% of surgeries were performed within 3 years of the patient's first study visit; 25% were performed >9 years before the patient's first study visit. For baseline characteristics, there were some statistically significant differences between patients who had and had not undergone previous DC surgery. Patients in the Previous Surgery group had more severe disease on a number of indices (Table II) .
Within the Previous Surgery cohort of patients for which the Operated Hand could be identified (n = 402), there were significant differences between those who received CCH on the same hand as the surgery (n = 206) and patients who received CCH on the opposite hand (n = 196). Overall, patients in the Operated Hand group had greater disease severity than did patients in the Non-operated Hand group. Nevertheless, the Surgery cohorts were more similar to each other than to the No Surgery cohort. About 60% of patients in the Operated Hand group had previous surgery on both hands and/or had CCH treatment on both hands.
Efficacy
For the primary end-point of clinical success, there were no statistically significant between-group differences in the percentage of patients (Operated vs Non-operated Hand) who showed a reduction in contracture to £5 30 days after the last CCH injection for MP (57.9% and 60.8%, respectively; p = 0.16) or PIP joints (29.2% and 29.7%, respectively; p = 0.68; Figure 2 ). After CCH treatment, reductions in FFC were 75% (Operated Hand) and 79.7% (Non-operated Hand; p = 0.61) for MP joints and 51.9% (Operated Hand) and 50.1% (Nonoperated Hand; p = 0.60) for PIP joints (Figure 3 ). Improvements in ROM were 32.0 and 32.1 , respectively, for MP joints (p = 0.99), and 23. 7 and 25.9 for PIP joints (p = 0.25; Figure 4 ). There was no difference in the proportion of patients who were satisfied with treatment in the Operated Hand (81%) and Non-operated Hand groups (88%; p = 0.23).
Statistical comparisons between the Surgery sub-groups and the No Surgery group are confounded by factors described above and shown in Table II . However, clinical success rates for MP and PIP joints were significantly higher among patients who did not have previous hand surgery vs all patients who did (p < 0.001). Similarly, changes in FFC and ROM were significantly higher in the No Surgery group than the Surgery group (p = 0.009). Efficacy of CCH after previous surgery for DC 179 In the matched-pairs cohort (n = 55) that had undergone surgery in one hand and received CCH treatment in both hands, previous surgery and treatment efficacy could be evaluated more directly, as patients served as their own controls. Conditional logistic regression for clinical success and repeated-measures analyses for changes in FFC and ROM did not show any statistically significant differences between hands or between MP or PIP joints ( Figure 5 ).
Safety
Overall, 97% of patients who received CCH injections reported ‡1 treatment-related AEs (Table III) . The incidence of three AEs (injection site haemorrhage, blood blister, axillary pain) was significantly higher in the Previous Surgery vs No Surgery groups (p < 0.05). Rates for six AEs (oedema peripheral, contusion, ecchymosis, pain in extremity, tenderness, lymphadenopathy) were significantly higher in the Operated Hand vs Non-operated Hand groups (p < 0.05). There was complete overlap in AEs experienced by patients in the two Surgery subgroups; none was unique to either group. Most treatmentrelated AEs were mild or moderate and resolved without intervention (median 8-10 days).
In all, nine patients experienced 10 serious AEs deemed possibly or probably related to treatment. In the No Surgery group, this included a recurrence of complex regional pain syndrome (CRPS), one tendon rupture, a boutonniere deformity and, in one patient, a case of sensory disturbance and thickening of a Dupuytren's cord. In the Previous Surgery/Operated Hand group, there were two tendon ruptures, lower extremity deep vein thrombosis and tendonitis; in the Non-operated Hand group, one ligament injury was reported.
Discussion
Dupuytren's disease is a chronic and progressive condition with no cure. While surgery can reduce contracture and restore hand function, these improvements are generally not permanent. Almost inevitably, recurrence and/or extension will occur and re-treatment will be indicated. Thus, it is important to monitor the long-term efficacy and safety of repeated-oftentimes multiple-surgeries for recurrent contractures. Recently, CCH was approved as the first non-surgical, minimally invasive pharmacotherapy for DC with a palpable cord. Using data from 12 CCH clinical trials, we retrospectively evaluated the efficacy and safety of CCH in patients who had and had not undergone previous surgery for the condition.
Using strictly defined inclusion criteria, 40% of the 1082 patients were identified as having had previous DC surgery. The proportions of patients treated with CCH after surgery in the Operated Hand vs the Non-operated Hand group were evenly distributed, as were the number of MP and PIP joints treated. There were no differences in the number of CCH injections in any group. Importantly, when comparing the Previous Surgery groups with the No Surgery group on efficacy measures, it must be kept in context that, owing to significant differences in baseline characteristics, particularly those related to disease severity, having a previous surgery is probably confounded with disease severity.
For efficacy measures, including reduction in contracture to £5 and improvements in FFC and ROM, there were no statistically significant differences between the Previous Surgery sub-groups. Recently, the clinically important difference (CID) for ROM was determined to be 13.5 . That is, an improvement in ROM ‡13. 5 is associated with clinically relevant changes from the patient and physician perspectives [6] . In the current analysis, both surgery sub-groups showed clinically significant improvements from baseline for both MP and PIP joints. Moreover, the magnitude of the differences in ROM between the groups (i.e. £2.2 ) was substantially less than the CID, indicating no clinically meaningful differences on this endpoint. There was no difference in patient satisfaction rates and, with few exceptions, there were no significant differences in the tolerability profiles between the Previous Surgery sub-groups. There was, however, a trend for higher AE rates in the Operated Hand vs Non-operated Hand groups.
Our findings are largely consistent with earlier published reports, particularly in the context of the handful of studies directly comparing the results of surgery for primary vs recurrent contractures. Some of these retrospective evaluations of outcomes after fasciectomy examined clinical and functional improvements and others focused on postoperative complications. A small number evaluated both. For efficacy, most studies evaluated improvements in contracture and results varied [7] [8] [9] . Coert et al. [8] reported that, for MP joints, postoperative gains in FFC were 94% for primary and 91% for recurrent surgeries (p = 0.013). For PIP joints, FFC gains were 72% and 68%, respectively (p = 0.118). In another study [10] , 78% of primary and 69% of recurrent surgeries of MP joints produced correction of contracture to 100% (not significant). For PIP joints, 32% of primary and 12% of secondary surgeries showed 100% correction (p < 0.05). Our results were consistent with these studies for MP but not PIP joints. For MP joints, changes in FFC were greater, albeit not statistically, in the Non-operated Hand vs Operated Hand group. For PIP joints, our results showed greater, again not statistically, FFC improvements in the Operated Hand vs Non-operated Hand group. Belusa et al. [7] also reported greater improvements in FFC after recurrent vs primary surgeries for PIP joints of the ring (62% vs 50%) and small fingers (46% vs 42%, respectively).
Treatment-related AEs occurring in ‡5% of patients were, with few exceptions, higher in the Operated Hand vs Nonoperated Hand group; however, for all AEs that were significantly different between the two groups, rates were higher in the Operated Hand vs Non-operated Hand group. There were more serious AEs in the Operated Hand vs Non-operated Hand group. To put these findings in context of the current literature, several studies have reported on overall complication rates [11] [12] [13] , nerve injuries [8, [12] [13] [14] [15] , artery injuries [14, 15] , and stiffness [15] after fasciectomy. Ebskov et al. [12] also reported on the occurrence of infection, skin necrosis, and haematoma. Two studies reported no notable differences in overall complication rates between primary and recurrent surgery groups [11, 12] ; Hogemann et al. [13] reported a lower complication rate in the primary vs recurrent groups (11% vs 38%). Three studies reported lower rates of perioperative nerve and artery injuries in primary vs recurrent groups [8, 14, 15] . Ebskov et al. [12] noted a higher rate of nerve injury in the recurrent vs primary group (10% vs 4%) and Coert et al. [8] reported a higher incidence of CRPS among primary vs recurrent surgeries.
The findings should be considered in the light of some limitations. Data were pooled from 12 clinical trials that differed in overall design (e.g. double-blind, placebo-controlled, and open-label) and the number of joints that could be treated. However, all joints could receive up to three CCH treatment cycles and efficacy and safety evaluations did not differ among trials. Patient surgical history was based on self-report and not confirmed with chart reviews. Although the two evaluators reached consensus on their ratings, important information was not provided, especially with regard to the fingers and joints receiving surgery, types of surgeries performed, and the time when they occurred. Also, surgery on the same hand may or may not indicate recurrence of disease in the treated joint. The matched-pairs analysis was based on a small cohort of 55 subjects but, to our knowledge, it is the largest such paired analysis performed to date. The literature on Dupuytren's disease is rife with studies examining the outcomes and complications of surgery for DC and the body of evidence for the efficacy of CCH in correcting DC is growing. Without a cure, however, contractures will recur and re-treatment will be necessary. Surgical re-treatment can be complex, as internal scar tissue can integrate with the Dupuytren's cord, arteries, nerves, and tendons. Moreover, surgical re-treatment is generally associated with higher complication rates vs the primary procedure. Thus, minimally invasive techniques such as CCH treatment may become a preferred approach to DC recurrence for physicians and patients alike. For physicians, it is an easier and less risky procedure. For patients, it provides an alternative strategy for those who are reluctant to undergo a second (or third) surgery.
Taken together, our preliminary data suggest that CCH, as a non-surgical treatment, is efficacious and well tolerated in patients who have or have not undergone previous surgery for DC. Future prospective studies are warranted to better evaluate the longer-term effects of repeated treatments for this debilitating disease.
